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© Application of tetrethiefulvatenee In WoelectrochemlcaJ processes, 

(S) Bloslectrochemlcal processes us© tetrathlafutv&Jenes 
OtF) ee a mediator of electron transfer between biological 
eyetema end electrodes. Typically It finds use In bleelectro- 
chemlceJ assays, e,g. Inv olving glucose oxidase mediated 
oxidation of glucose. The TTF may be Immobilised on tb# 
electrode surface, as may one or more enzymea Involved in the 
process. 
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APPLICATION OF TETRATHIAFULVALENES IN BIOELECTROCHEMICAL PROCESSES 

Field of the Invention 

The present invention relates to tho use of tetrathiafulvalene (TTF) 
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arid fts dortvatfvesas mediator molecules in the transfer of etoctrons between redox svstema and -lTaz-t™^- i» 
b oelectrochemfcal processes. Such processes may be for example bloelecTro^ 

blolOQlcar fuel cans and bloetectrasynthesls of chernlcalg. loeiecTrocnemical assay procedures. 

Background to the invention 

JS^^^SX 0 *^*J[*?« c ***s received considerate attention in relation to applications In 
enzyme electrodesa-4). Many of the earns considerations apply to thalr use Tn Irr^unoaasav a7d nthir 
enzyme-labelled assays e.g. ONA and RNA probe assays. Inparticular hfahVefflc^ 
actlvfty to the etecfrochemlcal detector Is essential f^l^ tosa^ 

but arguably tho most effective Is the use of low mofecufar weight mediators to shuttte >Z^7 h^^Tl 
catalyst and en electrode. Various mediators that have been raWrted^^ 
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Pt electrode 
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Ft electrode 



e.g- Anil morphine ^ _ 

— vQ +5f 0@ 

<vS5y ■ e.^. Morphine/ferrocene ^ 7 

conjugate " Gluconates, 
^3 « e*g. Codeine or morphine 
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The effective recycling of the ferrocene by GOD results In a further amplification of the sianal ov*r 
electrochemical noise due to olsctroactlve substances present In the sample; * 
^^^^ X ^^ P ^T^ & ^tons may also he activated by providing missing cefaclors or 
coenzymes^). Qulnoprotein dehydrogenases could prove particularly valuable In this raaooct 

rJ^'T™"^^ Which 

relies on enzyme amplification Is shown belowlts). w tferum * wmcr > 
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NAD 



' Ethanol 



VlaphoxasB Alcobol^Deiiyarogeiiose 
NAOH AcetaWehyde 



th^£i?K? 1 ^°Il he B . n!!yn,e labal W k8 « ne Phosphataaa) used In a sandwich assay Is monitored by 
Lfnf^i H * e » ub8trato NADP* loading to the formation of the dep hosp horylatadproduc^ NAD ™ Th » 
e !T ers * redox Cycle '^'^Ine the enzymes alcohol dehydrogenwe ana^ta^e teed*n^o 
the reduction of a mediator (femoyanlde). Electrons from the NAD+/NADH redox S r«d*th« 
dlaphoraae to the Fe,„(CN) 8 /Fe,,(CN)« couple. The reduced specie* FeufCNU was reoidd L^t * 

Similar principles may be applied to other affinity reactions such as DMA and RNA probe asaavs 
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motecute.The RrincipaMnveswgattons havebTan ?JSt T7%*2J£Z£S£?2 ^ " ,octra n ^captor 

™^ be6n c ° n3,d f redn41 - However, the present Invention fa dealKKie iSTrfT^in!. h«L^ 
context: uneomplexed. as a mediator of electron transfer. me use of TTF In a different 

Summary of the Invention 

Brier description of tno drawing * 

o i a araF T show,n 9 current potential response of aTTF-modmed alucose oiddasA ft f«r-f™<^. 
TTF-modifiedolaccweoxklase electrode- current versus glucose concentration for a 

(c^B5S^"^n^° M ™" <W ™" *«**«'■« ™" Wl «»»«. «h (Mn.AI.na,*™,' 

as Detailed description 

Construction of Electrode 

Sr^^^^^ 

« alrdryt^eomlnuteaatroomte^n^ " re -^ r *'«fl^ We electrode iwmmoved and left to 

mfnuteaaf room te^en^tt 

electrode through covalent faondlna faatuman ^^JT- ^ ? "^moEHiiaatlon « tho enzyme on the 
thoroughly In dlattle!? water h^^^^JL^!^ 1 f d amIno a rou »* electrode uas rinsed 

^rfnsedfnWMphosph^^^ 

surface area. However, careful ^"ctlon can Inc^^ 
Apparatus 

C^TSKi^ aprcor-mntable Woeenaor Interface 

configuration wa* «i ao e^lo^d for temMm^lTr^. rie * sflBnCB e l6Ctrode. A three electrode 

200 mv y*fuo Ag/Agoi or bo mV versus wtursfed * Mn,ora 
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Suffers and Reagents 

t£« XrTu^f 2t L mM SOdlum P hoa <**« pH 7.0 containing O J M KCI. 

Zh^^^a <l7 thS w P M profltes contat ^d 0«l M KCI and were « follow^; 
pM 4.0, 20 mM citric acid-Na^ HPO4 

pH 4.4, 20 mM citric acld-Naa HPO4 fi 
pH 6.0. 20 mM citric acld-Na 2 HPO4 
pH 5.8. 20 mM sodium phosphate 
pH 6.3. 20 mM sodium phosphate 
pH 7A 20 mM sodium phosphate 

pH 7.5, 20 mM sodium phosphate 70 
pH 8,0, 20 mM sodium phosphate 
pH 9.4, 20 mM sodium carbonate 

Calibration of the Enzyme Electrode 

The current voltage response obtained for the TTF modified alucoee osddase /nnm ^.1^ 1 . ^ 

Plg.2. This was obtained by subtracting the currents aton theSSnrf^ 2 e,ectTOd *e le shown In 

pH Profile of Enzyme Electrodes 

TTie data In Rg.4 Is expressed as a percentaae of the current at nw t k IZL ■ L 1 . C«fl-4)- 

The Effect of Temperature on the Enzyme Electrode 

The effect of temperature on the electrode was Inveetlaated between 4 to^r PhRa^.u ^ . . 

The Effect of Oxygen on the Enzyme Electrode 

elact^e^e by the 
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Stability of the Electrodes 

^°»°™^ -£* currant Ha, a 

consumption of the glucose by glucose oxldase^tnea «Z£T^%£? !? ^ E h ? ur3 " ™ 3 not due to 
currents. When transferred to fresh^t^ c^^Sna ^ mM ^™ " ? ° ,UCOSe * 001 Btvo «"» *« hlflhor 
activity could be regained. VW«n this "£2^2 « JE^JS^T ' T' Up to ^ ot 
obtained. These pro^nmon^lTat^^^^t^^ 2,1,**™^™'?°* 6fm,lar results ware 

i ir-modttted Glucose Dehydrogenase 

CHC ««, was 

electrodes ware washed ^20mM j^^hu^ r^% t ^, °t.P 5V™ 1 watar - TTF modified 
fromAci^taba^roS^^ dohydrogenass Isolated 

Pl«ce ot prepared dialysis membiane ^by^^er^r^^f^t^.!^ ,,nd retaInad bQh, " d * 
As shown In Fig. 8/me electrode aSa "atoeaT ™5 electr ? de *** Performed as usual, 

this va.ua the calibration ^to^^^^^^J^^^^^^ 0 ^" 1 ^^^ 
transfer electrons from olucoaa de^rogenaW. 0 81 ^ 50 mM - ™ U3 - SlucosemF will readily 

30 ™j a 1 t ff B ,,° f , rrF ^ t --« m '"°-"*» <*M— as a n l-^imino-acld 

- compatible with TTF aTa mediator/ obae,V8d - "wolta *«ga«rt that L-amtoo acid oxidase fa 

■ ^S.f".?" 1 ' Oxidagg «o a Qr^ h fte Boctroda In Ao u^.., Solution 
surfac^^ 

solution, for example to (nvastlaate the klneftee ^^« n I^^^ d !! Irab,0 te usa rnocfiatore »" aqueous 
alchemical erWamplSo^^^^ 

-^pho^ 

addition of a potential ramp os^oTa st^S-SS . Previously described was employed with the 
« ^D^alectroda^™ 

at25-c. 15 ml of 20 mM phosphate buff^oH ?!sw^ ota^^f^t ' ^.f ex P orim8nt performed 

the TTF solution and 300 »J of I Mfllucose Unef-s^eo^^^n T^°1 C °" : *° th ' 3 addod 30° °r 
then performed. onca thte waTtSmoleto 300^^?^^? ^ ""^i* 8 rate of 4.S mV/cec was 
US.V. repeated. w,8 ^ eom P»w *» ul of 20 mg/mf glucose otfoase solution was added and the 

v^acSTeve^ha" Sc-S^^X" £2? ° X ' daae *" electrode vta TTF 
peak of TTF deter^ned^b y %^SeS ^^"^^^^^^^^^^co 

Sensor with Improved Erayme Immobilisation 

carTST^^^ the ,ife«me of tha electrodes 

carbohydrate) which ^^ S^X^^^^^^^^^ 1 ^ «=onto.nln H 
carbohydrate chains rather then S^K^ ^ to « tetrode via its 

exIcTiyaTb^^^ 

Q-25 column (Pharmacia Prwoprspacked^^ 

at 4»C and was used within 2 weeks. T^arSe ^^Lr^£« ^ an2ymo 
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dry. The dry electrode* were then placed In a solution of ttf m ft ^-t« n « /in * . 

temperature, removed shaken end allowed to * r w~ * .. . acotons <'° mfl/ml) end left for I hour at room 
Into the period^ th,s Procedure, the electrode* were placed 

Conclusions 75 
published data regaling glucosa oxidase end artificial electron accoptorsdsjai Vha oH n^m^TL 

JL"ZZc^ v %^ WCh M «*• to « «nzyn,e thus ,a„de rt „ a ,t 

(fl) the use of mediators for affinity assay© (Immunoassay RNA orobes and nwA «~,k^ aIA 

^c^ 
Watestro^^ 

REFERENCES 

J. Tumer,A.F,F. et al (1985). Biosensors. L 85-115. 

2. Scheller.F.W. et al (198S). Biosensors . I. [35-160, 

3. Masclnf.M. et al ((986). Biosensors . 2, (47-172. 

fPH;7aT^ A ' P " F 'ii^ Sardosl.M.F T , W7I.' 'Biosensors: Fundamentals and Applications- fl9871 
(^s^.P.FTumerJ.Karube, end Q.S.WJIson),OUP. Oxford en 257-275 applications (I9S7) 

6.Ractne,P.etaJ(l97l).B^^ . uxroro. pp.Z57 

6. Kulya^JJ. et aJ (1953), efocWm. Bfophys. Acta,, 744. S7-63 

8. Ca3 St AJ=,Q. et el (1984). Anal, Chem. . 56. 667-67! rPP*^- 

9. Tumer f A.F.F.etal (1984). Anal. Chfm. Acta. . 163. 18M74 
10. Roblnaon.Q.A. et al (f985): Clin. Chem„ 3U44^Sg. 
II Weber,S-<3. et af (1979). Analyt Lett . 12, 1-9. 

12. Ngo.T.T. et al (1985), Appl Bfochem. BfotechnoL . II. 63-70. 60 

13. CardosI M F. et al (1986). 'An electrochemical Immunoassay using enzyme amDlfflcatlcm" t n -q« * 

Intemartonal Meeting on Chemical Senaora^ 

14. KulyaJJ. (1986). Biosensors , 2; 3-13. ' 

15. lanlaIIo,R.M. et al (igai). Anal Chem. , 53.2090-2095. 
jg. Al9kgandrovsMI,Y^, et eJ «96i), Blokhlmfva, 46. 708-716. 

Pr^se^ 

18. Dicks J.M, et al (1986), Anafyt. Chlm. Acta. . 162. 103~llg 

19. Barbaric at al (1984). 3rd Eur, Conor. BlotechnoL. i Anyuo 

ln*r^ ^views', Vol. L (Ed. (^Russell), 



20 



25 



SO 



35 



40 



55 



eo 



55 



7 



0 234 038 



Clafm* 



10 



rs 



conducts chargo-tran^rcomploxwfth en -.eXn acc^Pt^mSS ' ^ 
Walts^'rSd^w 10 Cla,m 4 Whera ' n *• en2 *"* * » Apoprotein immobHTsed on the electrode 

I ^ °il C !'^5 according to claim 9 wherein said conductive surface comprises crrHDhlia 

w Tjll^f 9 ^rdlng to claim !/ or claim 12 wherein said enzyme fa glucose oxidase 
14. A bToafectrochemfcai cell Incorporating an electrode of any^^af cfa1ms^tt>^^^^ 



so 



ss 



40 



46 



SO 



60 



8 



023 493 




TEMPERATURE (°C> 



Fig. 5 
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ELECTRODE POTENTIAL (mV) 
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GLUCOSE CONC. <mM). 



